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Abstract 
For the disaster brought by the transmission line regelation, a new de-icing method is presented in this paper. It is 
supposed that the ice and transmission line are combined closely when there is no external loads, the composite 
structure of ice-transmission line is set up, then the coupled model of the composite structure-tower is set up. The 
equations of motion for the coupled system are derived. The composite structure can be applied to exciting loads, the 
frequency of which is close to the natural frequency of ice. The natural frequency of ice is far from that of the 
transmission line. Based on the resonance theory, the ice occurs to deform and crush, finally the ice divorces from the 
conductors under the function of the exciting load, but those transmission lines are still very well, the analytical 
solution can be obtained and the new de-icing method for transmission line based on the theory of resonance is got. It 
is suitable for the transmission line to de-ice through the computation of the concrete example. 
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1. Introduction 
Ice accumulating on transmission lines can cause extensive damage to the lines and towers. At the 
beginning of 2005, Hunan province was affected the worst by ice storm, many transmission-towers 
happened to collapse[1]. Since mid-January 2008, most of districts were troubled in the catastrophe 
weather. Many transmission towers, conductors, insulators and electric power fittings were damaged 
seriously[2]. Over a million of consumers lost their electricity supply for some period. It deeply influenced 
the development of the social economy and people’s life.  
So it is the urgent question to seek the de-icing method for the transmission tower-line system, which 
is in order to guarantee the safety of the power network. 
The commonly used de-icing method at present is Āad hocā[3], it only can deal with a small amount 
of ice and the speed of de-icing is very slow. The large current ice-melting method has the high efficiency 
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of de-icing, but it also consumes a lot of energy and operates very complex, it does a large harm to the 
transmission tower-line system. The chemistry method not only needs the suitable working environment 
and good traffic conditions but also needs to consider the corrosion to the tower. The mechanical de-icing 
method is difficult to meet the environment of transmission line. Ice-melting by short-circuit current, 
which needs to stop all the overhead transmission lines in the ice-melting circuit, and it is difficult to 
choose the ice-melting power supply[4~7]. The regelation becomes the biggest problem to the transmission 
tower-line system, it raises a hot discussion on how to de-ice fast and effectively. In order to avoid 
recurrence of such a situation, it is quite necessary to study and exploit a new de-icing method to reduce 
the disaster caused by transmission line regelation. 
Therefore, the composite structure of ice-transmission line is set up in this paper, the new de-icing 
method for transmission line based on the resonance theory is got. 
2. The principle of the de-icing 
It makes the ice equivalent to annular section. It is supposed that the ice and transmission line is 
combined closely when there is no external loads, the composite structure of ice-transmission line is set 
up. Because the natural frequency of ice is far from that of the line, the exciting load that the frequency is 
close to the natural frequency of ice is applied on the composite structure. It makes the amplitude of 
forced vibration become bigger obviously. The ice belongs to the brittle material, whose strength is much 
less than that of line. Based on the theory of resonance, the tensile stress of the composite structure is 
larger than the allowable tensile stress of ice, but it is far less than the allowable tensile stress of 
transmission line, which make the composite structure generate the small rotational angle and deflection. 
However, the rotational angle and deflection of the transmission lines are both smaller than the allowable 
rotational angle and allowable deflection. The ice occurs to deform and crush because its strength and 
rigidity are not enough, but those of the transmission lines are satisfied. So the transmission lines are still 
very well. 
2.1 The composite structure of ice-transmission line 
According to the designing standard of transmission line, the section of ice seems as the annular, it is 
supposed that the ice closely wrappes on the transmission line when there is no external loads. It seems 
the ice and line as a whole. So the composite structure of ice-transmission line is set up, shown in Fig.1 
(d- the diameter of transmission line, b-the thickness of ice). 
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Figure 1.  The composite structure of ice-transmission line   
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2.2 The coupled model of the composite structure-tower and the equation of motion 
The coupled model of the composite structure-tower is set up, shown in Fig.2 (m- the lumped mass of 
the composite structure, mi-the lumped mass of transmission tower ). 
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Figure 2.  Coupled model of the composite structure-tower 
The equation of motion for the coupled model of the composite structure-tower: 
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The mass matrices of the composite structure are superimposed by the ice and transmission line, the 
line and ice are parallel connected, therefore, the rigidity matrices of ice and line are found to be : 
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2.3 Analytical solution of the mathematical model 
The composite structure can be applied the exciting loads, the frequency of which is close to the 
natural frequency of ice. Based on the theory of resonance, the analytical solution can be obtained. Using 
the method of mode shape superposition to solve the equation, the mode shape of the system can be 
calculated, the equation can be transferred as: 
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The resonance solutions can be solved using the asymptotic method  under the function of the exciting 
loads when the ice happens to resonate[8~10] : 
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The initial conditions are that: 
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Therefore, the solutions of equation are found to be 
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the composite structure of ice-transmission line’s tensile stress: 
                                     
W
pl
4
PV                            ˄9˅ 
The deflection of composite structure:  
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where p is the amplitude of the exciting loads; l is the length of the composite structure of ice-
transmission line; w represents the module of bending section.  
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3. Numerical example 
Meteorological conditions are distinct from different areas, according to the designing standard of 
transmission line, the thickness of ice in our country is designed to 15mm, in this paper, 10mm can be  
chose to calculate in order to clear the ice from the transmission line. 
A 220kv model of coupled transmission tower-line system is chose in this numerical example[11], the 
height of tower is 59.59m, shown in Fig.3.  The span of tower is 300m, the ice is seemed as cylinder 
which closely wrappes on the transmission line, the composite structure of ice-transmission line is set up, 
shown in Fig.4.   
 
Figure 3.  The computational model of tower 
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Figure 4. The coupled model of the composite structure-tower 
The transmission tower is simplified to some lumped mass, each conductor is represented by 60 
lumped masses with the same mass, kg.M line 033 , the diameter of conductor is D=10mm, the 
thickness of ice is d=10mm, the elastic modulus of the ice is E=10Gpa, the Poisson's ratio of ice is r=0.3. 
The first-order circular frequency of ice is¹1=8.88rad/s, the second-order circular frequency of ice is¹
2=19.86 rad/s, according to Eqs.(10~13) , when the disturbing force is P=0.005N, the tensile stress of the 
composite structure is 7.65Mpa, it is larger than the allowable tensile stress of ice [³ice]=5.175 Mpaˈbut 
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it is far less than the allowable tensile stress of transmission line [³line]=1.70h102 Mpa. The deflection 
is 2.6mm, rotational angle is 0.16o, the deformation of the ice and transmission line are both small. 
Therefore it can be concluded that the ice happens to destruct because its strength is not enough, but 
strength and rigidity of conductor are both satisfied, so the ice occurs to deform and crush, finally the ice 
divorces from the conductors. The conductors have not been damaged. 
Through some computation, it can be concluded that the ice divorces from the conductors when the 
exciting load is very small, however, the transmission lines are still keeping well. Therefore, the new de-
icing method for transmission lines based on the theory of resonance can clear the ice from the lines. So 
this method can clear away the ice from the transmission lines effectively.  
4. Conclusions 
1) According to the designing standard of transmission line, the section of ice seems as the annular. It 
is supposed that the ice closely wrappes on the transmission line when there is no external loads, it seems 
the ice and line as a whole. So the composite structure of ice-transmission line is set up. 
2) The equation of motion for the coupled model can be derived, the analytical solution of de-icing 
method can be obtained based on the resonance theory. 
3) To the concrete example, the difference of natural oscillation frequency between the ice and 
conductor is very obvious, the small exciting load that the frequency is close to the natural frequency of 
ice is applied on the composite structure. It can make the strength and rigidity of the ice are both not 
enough, the ice divorces from the conductors, but those of conductors are enough, so the conductors are 
keeping well when the ice divorces from the conductors. 
4) The new de-icing method based on the resonance theory has been obtained, which can enhance the 
efficiency of de-icing and prevent the deposition on the transmission lines. It can reduce the manpower 
and material resources consumed in the de-icing progress. Therefore, the prospect of new de-icing 
method based on the theory of resonance is broad. 
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